IMPORTANCE Blood transfusion can be a lifesaving treatment for the surgical patient, yet transfusion-related immunomodulation may underlie the association of allogeneic transfusion with increased perioperative morbidity and possibly poorer long-term oncologic outcomes.
randomized, controlled clinical trial to establish that lower transfusion thresholds improve clinical outcomes in critical care patients. In the specific case of the surgical patient, several nonrandomized studies [4] [5] [6] have confirmed the association between blood transfusion and perioperative morbidity, although no significant differences in major morbidity or mortality have been observed in randomized trials evaluating restrictive transfusion strategies for surgical patients. [7] [8] [9] [10] The relative risks and benefits of allogenic blood transfusion are particularly complex for the oncological surgery patient. 11, 12 Transfusion-related immunomodulation has been recognized for more than 30 years, when it was observed that renal allograft survival was improved with preoperative blood transfusion. 13 Whether the immunosuppressive effects of allogenic transfusion are associated with an increased risk of cancer recurrence has not been definitively established, although associations in a variety of abdominal malignant tumors have been observed. [14] [15] [16] [17] Given the momentum in the literature for more judicious use of blood transfusion, we evaluated national trends in transfusion rates for major abdominal oncologic resections. We also evaluated concurrent trends in rates of perioperative wound infection, renal failure, and myocardial infarction (MI) to determine whether changes in utilization of transfusion were associated with an increased or decreased rate of perioperative complications.
Methods
The American College of Surgeons National Surgical Quality Improvement Project (ACS NSQIP) is a nationally validated, outcomes-based, risk-adjusted, peer-controlled program for the measurement and enhancement of the quality of surgical care. 18 Using selected diagnosis and procedure codes from the
International Classification of Diseases, Ninth Revision (ICD-9)
and Current Procedural Terminology (CPT), we identified patients 18 years of age or older who underwent 1 of 3 cancer operations from 2005 through 2013 in the NSQIP data files: pancreatectomy (CPT codes 48140, 48145, 48146, 48148, 48150, 48152, 48153, 48154, 48155, and 48160), total gastrectomy (CPT codes 43620, 43621, and 43622), or formal hepatic resection (CPT codes 47122, 47125, and 47130). Because procedure indication is not available in the ACS NSQIP, specific abdominal oncologic resections were narrowly defined. Each case included an organ-specific resection performed during the same admission as the diagnosis of a malignant tumor at the site (pancreas: ICD-9 code 157.x; stomach: ICD-9 code 151.x; or liver: ICD-9 codes 155.0, 155.1, 153.x, 154.x, and 197.7). Liver wedge resections and any liver resection performed with concurrent bowel resection were excluded. The primary outcome was the transfusion of any quantity of packed red blood cells (PRBCs). Transfusion rates were calculated for the perioperative period, which was defined as the time from the start of surgery to 72 hours after surgery. Secondary outcomes included rates of wound infection, renal insufficiency, and MI. Wound, or surgical site, infection was defined as the occurrence of a superficial, deep incisional, or organ space surgical site infection within 30 days from the time of the procedure. Patients with an existing infection at the surgical site at the time of surgery were excluded from this analysis. Myocardial infarction was diagnosed if there were changes on the electrocardiogram indicative of infarction and/or if there was a new elevation in serum troponin of more than 3 times the upper level of the reference range in the setting of suspected myocardial ischemia, occurring within 30 days of surgery. Renal insufficiency was diagnosed if the kidney showed a reduced capacity to perform its function, as evidenced by an increase in creatinine of more than 2 mg/dL (to convert to micromoles per liter, multiply by 88.4) from the preoperative level and/or the initiation of renal replacement therapy within 30 days of surgery. Patients with preoperative renal failure or who received dialysis were excluded from this analysis. Our study was deemed exempt from continuing review by the institutional review board of the University of Pennsylvania in Philadelphia. Informed consent was not obtained because the data were deidentified.
Descriptive statistics were performed. Categorical variables were described as totals and frequencies; continuous variables were described as median values with interquartile ranges (IQRs). The Cuzick test for trend was performed to evaluate for annual changes over the study period from 2005 through 2013 in the rates of PRBC transfusion, wound infection, renal insufficiency, and MI. The results of trend analysis are presented as z scores, in which positive values indicate increasing trends, negative values indicate decreasing trends, and the absolute value denotes the magnitude of change. Univariate comparisons were assessed for variables clinically relevant to the studied outcomes (ie, PRBC transfusion, wound infection, MI, and renal insufficiency) using the χ 2 The occurrence of a surgical site infection was evaluated for associations with the clinical and demographic characteristics of the patient (ie, age, race, Hispanic ethnicity, ASA classification, Charlson Comorbidity Index score, obesity, diabetes, cigarette smoking, steroid use, and preoperative weight loss), preoperative laboratory values (ie, serum albumin level), type of procedure, surgical wound classification (ie, clean, clean-contaminated, contaminated, or infected), and the occurrence of perioperative blood transfusion. Postoperative MI was evaluated for associations with the clinical and demographic characteristics of the patient (ie, age, race, Hispanic ethnicity, ASA classification, Charlson Comorbidity Index score, history of cigarette smoking, angina, prior MI, previous cardiac surgery, previous percutaneous coronary intervention, and congestive heart failure), type of procedure, and the occurrence of perioperative blood transfusion.
Renal insufficiency was evaluated by univariate analysis for significant associations with the clinical and demographic characteristics of the patient (ie, age, race, Hispanic ethnicity, ASA classification, Charlson Comorbidity Index score), preoperative laboratory values (ie, serum creatinine level), type of procedure, and the occurrence of perioperative blood transfusion. Variables for which data were missing for more than 15% of the study cohort were excluded. Variables that demonstrated a trend toward significance by univariate testing (P ≤ .10) were entered into a forward, stepwise logistic regression model (P < .05 for entry; P > .10 for exit). All variables identified as significantly associated with the outcomes of interest by multivariable analysis were analyzed using the Cuzick test for trend to assess for changes over the study period. Analyses were performed using STATA software, version 13 (StataCorp).
Results

Patient Characteristics
A total of 19 680 patients were identified who underwent a major abdominal oncologic resection during the study period. 
Unadjusted and Adjusted Rates of PRBC Transfusion
A total of 5897 patients (30.0%) received a perioperative PRBC transfusion (of 13 657 patients who underwent a pancreatic resection, 4074 required transfusion [29.8%]; of 1605 patients who underwent a gastric resection, 378 required transfusion [23.6%]; and of 4418 patients who underwent a hepatic resection, 1448 required transfusion [32.8%]). The median time to transfusion was 0 days (IQR, 0-0 days) for the 3431 patients for whom the data were available. By univariate analysis, the following variables were associated with an increased rate of transfusion: increasing age (P < .001), female sex (P = .01), nonwhite race (P < .001), ASA classification of higher than 2 (P < .001), increasing Charlson Comorbidity Index score (P < .001), history of bleeding disorder (P < .001), a preoperative platelet count of less than 100 × 10 3 /μL (to convert to ×10 9 per liter, multiply by 1.0) (P < .001), a preoperative international normalized ratio of 1.5 or higher (P < .001), type of procedure (P < .001), and decreasing preoperative hematocrit level (P < .001).
The Table 1) . Despite trends of lower preoperative hematocrit levels (z = −2.70, P = .01) and increasing patient comorbidity (increasing patient age: z = 2.41, P = .02; ASA classification of >2: z = 11.3, P < .001; platelet count of <100 × 10 3 /μL: z = 2.11, P = .04), there was a significant trend toward decreasing rates of PRBC transfusion during the study period (z = −7.89, P < .001). This trend was driven primarily by the decreasing use of blood transfusion for pancreatectomy (z = −7.63, P < .001), with significant decreases for total gastrectomy (z = −2.50, P = .01) and major hepatic resection (z = −3.60, P < .001). There was a 6.1% decrease (from 32.8% to 26.7%) in the annual rate of PRBC transfusion overall for these major oncologic surgical procedures from 2005 to 2013 ( Figure 1 ). . There was a significant association between PRBC transfusion and the incidence of wound infection (P < .001), as well as several other variables ( Table 2) .
There was no significant trend in the annual rate of wound infection during the study period (z = 1.59, P = .11), despite trends of higher ASA classification (z = 11.7, P < .001), obesity (z = 4.87, P < .001), and higher wound classification (class III: z = 6.32, P < .001), all of which were associated with increased odds of wound infection by multivariable analysis (Figure 2 ).
Myocardial Infarction
The rate of perioperative MI in the study cohort was 0. and was not significantly different for patients who received a transfusion compared with those who did not receive a transfusion (P = .06). There was a significant association between the incidence of PRBC transfusion and postoperative MI (P < .001). There was a significant increase in the annual rate of perioperative MI during the study period (z = 3.15, P = .002), which corresponded to a 0.33% absolute change. Of the variables associated with MI by multivariable analysis, there was a significant trend toward older patient age (z = 2.41, P = .02), white race (z = 56.4, P < .001), and higher Charlson Comorbidity Index score (1: z = 3.28, P = .001) (Figure 2 ). There was a significant association between the incidence of PRBC transfusion and renal insufficiency (P < .001). There was no significant trend in the annual rate of renal insufficiency over the study period (z = 1.74, P = .08). Of the variables associated with renal insufficiency by multivariable analysis, the study cohort evidenced a temporal increase in the number of patients with a higher ASA classification (>2: z = 11.0, P < .001) and decrease in preoperative serum creatinine (z = −10.2, P < .001) (Figure 2 ).
Renal Insufficiency
Discussion
Multiple national groups have issued evidenced-based recommendations in support of the restrictive use of blood transfusion, yet little is known regarding current national practice.
In this large observational study of patients undergoing pancreatic, gastric, or hepatic surgery for malignant tumors, we demonstrated that (1) there was a significant trend of decreasing rates of perioperative PRBC transfusion over time, (2) the rates of PRBC transfusion decreased despite decreasing preoperative hematocrit levels and increasing patient comorbidity, and (3) annual changes in transfusion rates did not coincide with any significant changes in perioperative rates of surgical site infection or renal insufficiency, whereas annual rates of perioperative MI increased. The precise etiology of these trends is likely multifactorial. One possibility is that changes in operative and anesthetic techniques are resulting in improved perioperative outcomes. Given that the vast majority of transfusions in this cohort occurred on the day of the procedure, we suspect that safer surgery is a strong driver of this trend. 19 Alternatively, this trend may reflect the clustering effect, in which major oncologic resections are increasingly performed by surgeons at high- volume hospital centers. In the case of surgical metastasectomy, high-volume institutions are driving national trends toward increased rates of metastasectomy in the last decade, with decreasing in-hospital mortality despite increasing patient comorbidity. 20 Lastly, changes in transfusion trends may represent increasing concern regarding the purported deleterious effects of blood transfusion and a commitment to more restrictive transfusion thresholds. We had hypothesized that potentially impaired tissue oxygenation with decreasing utilization of PRBC transfusion could result in poorer wound healing, MI, and renal insufficiency. While each of these secondary outcomes was, in fact, associated with the use of PRBC transfusion, the retrospective nature of our study cannot exclude the likely possibility of confounding by indication, in which transfusion serves as a surrogate for other variables (eg, hemorrhage) more likely to be directly related to morbidity. Of the 3 large randomized controlled trials evaluating a liberal transfusion strategy compared with a restrictive strategy for surgical patients, rates of ischemic and infectious complications were reported for both the Transfusion Requirements After Cardiac Surgery study 7 and the Transfusion Indication Threshold Reduction trial, 8 with no significant differences in the occurrence of these outcomes. 9 More recently, a single-institution randomized controlled trial 21 evaluating transfusion strategies for major oncologic surgery requiring postoperative intensive care unit admission found that a restrictive transfusion practice was associated with an increased risk of death or major ischemic complications. The generalizability of this study 21 for elective oncologic procedures is unclear, given its inclusion of emergency procedures, and given that all study participants required intensive care unit admission postoperatively-an uncommon postoperative destination following colectomy and many of the other included procedures. Nevertheless, in our study, there was a significant trend toward increasing rates of perioperative MI as rates of transfusion decreased. Although this trend is likely explained by changes in the patient cohort over the study period, we cannot exclude a causal relationship between these outcomes. Several limitations of the present study warrant discussion. The analyses rely on the quality of data abstraction and entry, and there remains the possibility of error related to miscoding and omission. In this regard, ACS NSQIP may be preferable to other large administrative data sets given the quality control provided by trained surgical clinical reviewers. One particular limitation of the database is the inclusion of cell saver blood as intraoperative transfusion (where every 500 mL of cell saver fluid returned to the patient was coded as a unit of blood). Second, changes in transfusion rates over the study period may reflect changes in the specific constitu- ency of hospitals participating in the ACS NSQIP. That is, there may have been a preferential exit of hospitals that performed a high level of transfusions and/or the addition of hospitals that performed a low level of transfusions over the study period. It is also possible that trends in the coding process itself have changed, which could introduce bias to the reported trends. Because risk-adjusted outcomes are increasingly analyzed, there may be a trend toward improved capture of patient data-although increasing coding sensitivity would more likely lead to transfusion trends in the opposite direction to that observed. Lastly, while determining preoperative hematocrit levels allowed for multivariable analysis controlling for the degree of anemia, data on the last hematocrit level prior to the initiation of transfusion are not available. While most transfusions occurred on the day of surgery, the exact hematocrit "trigger" for transfusion could not be assessed in this cohort.
Conclusions
Transfusion practices have been observed to vary significantly among hospitals and among health care professionals within the same hospital. 22, 23 To our knowledge, the present study represents the first analysis of national trends of transfusion practices associated with major abdominal oncologic surgery to rely on all participating institutions of the ACS NSQIP. Further studies are needed to assess whether these trends reflect changes in operative techniques, hospital cohorts performing the procedures, and transfusion thresholds. The desire to limit blood use in oncologic surgery originated with the finding of increased immunosuppression in patients who received transfusions while undergoing a renal transplant. 1 Subsequently, an association was demonstrated between transfusion and increased rates of cancer recurrence and worse overall oncologic prognosis, 2 with the results being most pronounced for transabdominal oncologic procedures. 3, 4 Despite these data, determination of the appropriate role of transfusion in the surgical care of patients with cancer has proven more challenging. Studies using the American College of Surgeons National Surgical Quality Improvement Program database have demonstrated that surgical patients receiving intraoperative transfusions have higher unadjusted and adjusted rates of both mortality and serious morbidity compared with patients who do not receive transfusions. 5 However, the exact mechanism of this heightened risk is not clear because increased case complexity may result independently in both more transfusions and more complications.
In the current issue of JAMA Surgery, Ecker and colleagues 6 used this same database to evaluate trends in transfusion during abdominal cancer surgery. They found a 6.1% decrease in the rate of transfusion of packed red blood cells over the 9-year study period, but they did not identify a corresponding effect on either surgical site infection or renal insufficiency. This trend may reflect national efforts to reduce the number of blood transfusions. However, during the period of this analysis, participation by the National Surgical Quality Improvement Program increased significantly, with a larger proportion of smaller hospitals joining in later years. This heterogeneity in the study population may affect the observed trends in transfusion (ie, smaller hospitals typically have a less complex case mix requiring fewer transfusions). Yet, the incidence of transfusion only provides the beginning of the story. Critical examination of the circumstances in which transfusions are given is needed to assess the appropriateness of blood transfusions for surgical patients. Understanding the precise indication for transfusion is important in developing targeted interventions. Furthermore, better data 
